To determine the frequency of ACE inhibitor cough in an outpatient medical clinic population, a cross-sectional epidemiologic survey using mailed questionnaires was done. Patients were randomly selected from a computerized hospital pharmacy data base. The overall prevalence of cough was 19 percent in the ACE inhibitor groups compared with 9 percent in the hydrochlorothiazide-treated group. The observed odds ratio for cough among ACE inhibitor users was 2.3 (95 percent CI, 1.02 to 5.00). This study is the first systematic investigation of frequency and charac teristics of ACE inhibitor cough that includes a control group. Our results suggest that cough may more frequently accompany treatment with ACE inhibitors than has been previously reported. We recommend that physicians spe cifically inquire about cough in patients taking an ACE inhibitor. Recognition of this side effect may prevent unnecessary testing and treatment of patients receiving ACE inhibitors.
A Ithough pre-marketing studies did not suggest that â€¢¿ '*â€¢ cough was an important side effect of ACE inhibitors,1 cough is now recognized to occur in 1 to 10 percent of patients receiving these drugs. 1"15 Accumulated case studies have reported that the large majority of individuals who develop ACE inhib itor cough are women.9'12'15-16However, previous stud ies have not systematically inquired into the develop ment of symptoms in men nor have their investigators used a control group to compare the frequency of cough in patients taking ACE inhibitors vs other medications. Therefore, we undertook a cross-sec tional epidemiologic study with two goals: first, to determine the prevalence and characteristics of cough in patients using ACE inhibitors, and second, to compare the frequency of cough with that of patients in a control group.
METHODSANDSTUDYDESIGN
Following approval of this study by the human research review committee, the computerized pharmacy data base of the Clement J. Zablocki Veterans Administration Medical Center was pro grammed to generate a list of all patients who were receiving either an ACE inhibitor or hydrochlorothiazide.
Using random number tables, 100 persons prescribed captopril, 100 persons prescribed enalapril and 200 persons prescribed hydrochlorothiazide were identified. Individual drug profiles were reviewed to insure that study participants were prescribed either one of the study medica- The questionnaire was designed to determine: (1) whether the patient was currently using ACE inhibitors or hydrochlorothiazide; (2) the dosage of the respective medication; (3) whether the patient had ever been given a diagnosis of bronchitis, emphysema or congestive heart failure; (4) whether the patient reported any allergies, history of asthma or wheezing or current cigarette smoking; (5) the characteristics of any cough, if present, including its duration and severity; (6) whether any medication was taken to suppress the cough; and (7) whether the cough was reported to the patients physician.
Cough was considered to be present if respondents indicated that they had been bothered by a cough during the prior month and if they had had symptoms for at least two weeks without an identifiable cause, such as an acute respiratory infection. All survey responses were evaluated for the presence or absence of self-reported cough by a reviewer who was blinded to the patients medication use.
All statistical analyses were performed using the Statistical Package for the Social Sciences-version X (SPSS-X). Differences in proportions were compared using the chi-square test, and differences in means were analyzed using the Student two-tailed t test. Differences were considered statistically significant if p<0.05. 
RESULTS
Questionnaires were returned by 304 (76 percent) of the 400 persons selected. Thirty-nine patients were no longer using ACE inhibitors or hydrochlorothiazide and 13 patients did not answer the question concerning cough, leaving 252 evaluable responses ( Table 1 ). The characteristics of the 115 respondents in the ACE inhibitor group and the 137 users of hydrochlorothia zide are displayed in Table 2 . There was no difference in mean age; use of the medication to treat hyperten sion; history of allergies, wheezing or asthma, chronic bronchitis, emphysema, or current cigarette smoking. More persons in the ACE inhibitor group reported a history of congestive heart failure than did respon dents in the hydrochlorothiazide group (25 of 115 = 23 percent vs 12 of 137= 10 percent, p = 0.01). Twentytwo persons (19 percent) in the ACE inhibitor group and 13 (9 percent) of the hydrochlorothiazide group satisfied the case definition for cough (odds ratio for ACE inhibitor use, 2.3; 95 percent CI, 1.02 to 5.00). Table 3 demonstrates that the prevalence of cough in patients taking captopril (11 of 65=17 percent) did not differ significantly from the prevalence of cough in patients who were taking enalapril (11 of 50 = 22 percent).
Of the 252 respondents who reported that they were using either of the study drugs, only 129 (51 percent) reported the dosage of their respective med ication. For these patients, the prevalence of cough did not vary by dosage of ACE inhibitor or hydrochlo rothiazide when these groups were dichotomized at the median dose (Table 4) .
Characteristics of the 22 persons in the ACE inhib- itor group and the 13 persons in the hydrochlorothia zide group reporting cough are outlined in Table 5 . There was no difference between the groups in mean age, current smoking status, history of wheezing or asthma, emphysema, or congestive heart failure. However, more hydrochlorothiazide users than ACE inhibitor users reported a history of chronic bronchitis (1 of 22 = 5 percent vs 5 of 13= 42 percent, p = 0.04).
Cough associated with ACE inhibitor use has been previously reported as dry and nonproductive.3"5'7'9'14'15 '17'18 No statistically significant differences in the characteristics of cough were noted between the ACE inhibitor and hydrochlorothiazide users (Ta ble 6).
DISCUSSION
This study shows that patients using ACE inhibitors have a high (19 percent) prevalence of cough. This is statistically more common than cough occurring in patients using a control medication.
Prevalence estimates of ACE inhibitor cough vary widely among previous series. These differences may reflect, in part, patient selection and referral bias. The largest available series of captopril users (n = 4,849) reported a cough prevalence of 0.7 per cent.19 However, the cough estimates from smaller series are considerably higher. For example, Hood et al14showed a 13 percent prevalence of cough among Postmarketing surveillance studies of enalapril (n= 13,713 patients) suggests a prevalence of drug-induced cough that averages almost 3 percent.5 In a recent retrospec tive analysis, Gibson15 reported that 22 of 209 (11 percent) patients taking enalapril were required to discontinue this therapy because of intractable cough.
There may be several reasons why our results and those of other recent studies of ACE inhibitor cough show a much higher prevalence than the 1 to 2 percent previously reported. 45 First, cough is a common symptom that is not traditionally associated with drug use. The onset of cough may be delayed, relative to the initiation of the drug and may not be directlyattributed to the use of the medication. Because our study design asked patients to respond to specific questions about cough, our results might not be directly comparable to other studies which report the prevalence of spontaneous, patient-initiated com plaints. Second, the diagnosis of drug-related cough often is difficult to confirm because of the necessity of excluding other multiple causes. Unlike many of the previous reports in the literature, our patients had multiple potential etiologies for cough, including COPD.
As observed in Table 2 , more persons using ACE inhibitors than hydrochlorothiazide also had associated congestive heart failure. This is not surprising since ACE inhibitors are being used with more frequency than thiazide diuretics to treat congestive heart failure. The high apparent prevalence of cough among hydro chlorothiazide users is most likely related to the presence of concomitant chronic bronchitis and em physema but, as noted in Table 5 , percentages of positive respondents for all categories of COPD were similar to users of ACE inhibitors.
STUDYLIMITATIONS
Our study has several important limitations that should be recognized. (1) The study population is predominantly an older group of male veterans and might not be representative of other populations. For example, previous reports of ACE inhibitor cough have emphasized a striking female predomi nance. 9'12-15'16 The reasons for this female predomi nance are not well explained, but may represent an unwillingness of males spontaneously to report symp toms to their physicians. (2) Our information was based strictly on patient self-reporting of both the presence or absence of cough and whether the patient's physician had previously diagnosed a confounding condition such as COPD or congestive heart failure. Our study methods might explain the higher preva lence of cough when our results are compared with those of previously published reports. (3) Because this is a cross-sectional survey, no inferences can be made about the relationship between starting medication and the development of cough. Data on the resolution of cough symptoms with discontinuation of medication and recurrence on re-challenge is not available from our questionnaire. Other reports have shown that this relationship exists.9'13'18-21-22
IMPORTANCE
For several reasons, it is important for clinicians to recognize that a patient's cough may be a side effect of ACE inhibitors. First, failure to recognize the possible relationship between a patient's respiratory symptoms and ACE inhibitor use may lead to unnec essary investigations. The patients described in pub lished case reports and case series have had various combinations of diagnostic tests: chest x-ray films, sputum cultures, pulmonary function tests including bronchoprovocation with methacholine, allergy eval uations, ENT consultation, and in one case fiberoptic bronchoscopy. Second, empiric treatments such as antitussives, bronchodilators and antibiotics are inef fective; patients may obtain relief from their cough only if its relationship to the offending drug is recog nized and the ACE inhibitor is discontinued. Third, in patients with congestive heart failure, cough may be misinterpreted as a sign of worsening failure. It may be particularly difficult to determine the exact etiology of cough in these patients. If the cough is related to use of the medication, then increasing the dose of ACE inhibitors will not help the cough and might increase the chance of other dose-related side effects. On the other hand, stopping these afterload reducing agents in patients with congestive cardiac failure might increase their symptoms if their cough is due to underlying congestive heart failure.
Our study is important because it is the first controlled study to evaluate the use of ACE inhibitors in a general medicine clinic population. Many of our patients have multiple medical disorders and thus many potential reasons to cough. It is indeed possible that many of our patients who reported cough may have other etiologies for this symptom. Additional studies are needed to determine if there are subgroups of patients who might be particularly susceptible to developing this side effect, such as asthmatic subjects or those with known bronchial hyperreactivity.
COMMENT
In summary, employing a questionnaire answered by a predominantly older group of male patients treated with either ACE inhibitors or hydrochlorothiazide, we have found that the self-reported prevalence of cough among ACE inhibitor users is 19 percent compared with 9 percent in a hydrochlorothiazidetreated group. This prevalence of ACE inhibitor cough is much higher than reported by most previous studies. Our results suggest that cough may be significantly underreported by patients to their physicians.
We believe that close observation of ACE inhibitor users is necessary to avoid continued cough, and the costs of needless laboratory studies and antitussive therapy. The increasing usage of ACE inhibitors for treatment of hypertension and congestive heart failure mandates this closer observation. We recommend that physicians specifically inquire about cough in their patients who are receiving an ACE inhibitor. While we do not advocate that physicians need to discontinue this medication in all patients who report symptoms of cough, such a trial would seem to be appropriate for some patients with persistent or severe symptoms.
